Background: The role of early enteral nutrition (ENN) supplemented with probiotics (<48 hours) in improving clinical outcomes of patients with severe head injury (SHI) remains controversial. We performed this meta-analysis to investigate the efficacy of EEN supplemented with probiotics on clinical outcomes in these patients.
Introduction
Severe head injury (SHI) refers to a pathologic condition where coma persists at least 6 hours or happens again after head trauma. [1] Published data illustrated that the mortality of patients with SHI was eventually up to 60% when they underwent infection. [2] Because this condition can accelerate body catabolism and impair immunity and intestinal barrier function. It is also important that the introduction of invasive treatments increases the risk of these patients to suffer from infection and septicopyemia.
Early enteral nutrition (EEN) is an important alternative of rectifying the metabolic disturbance, enhancing immunity of the organism and improving clinical outcomes in patients with SHI. [3] Several Clinical Practice Guidelines (CPGs) recommended that this nutrition support should be started early within the first 24 to 48 hours following admission for the fully resuscitated, hemodynamically stable critical patients. [4] It must be noted that; however, approximate 50% to 80% patients with SHI were intolerant to enteral nutrition within 2 weeks after head injury. They will suffer from several gastrointestinal symptoms such as abdominal cramps, bloating and gastric retention, which all significantly worsen nutritional status and prognosis. [5] In this process, it is important to keep the intestinal microbial balance which plays a critical role of maintaining the normal intestinal function, promoting the absorption of nutrients, and keeping normal nutritional status. [6] Probiotics are generally defined as "live microbial feed supplements." [7] When administered in adequate amounts, they are beneficial to the human host by restoring the intestinal microbiome diversity and modulating the damaged intestinal function. [8] Hence, many trials [9] [10] [11] have investigated the efficacy of EEN supplemented with probiotics on clinical outcomes in patients with SHI; however, the role of this approach in reducing mortality and infection rate, improving the intestinal function and shortening the length of stay in ICU among patients with SHI remains controversial. Recently, 1 meta-analysis [12] investigated the role of probiotics in trauma patients, which indicated improvement in overall health when use of probiotics compared to not use in those critically ill patients. However, substantial heterogeneity was tested among these studies, which was not surprising given the differences in the features of the study populations, regimen and composition of probiotics, and study designs. All elements stated above affected the validity and reliability of this meta-analysis and cannot reflect the effect of probiotics exactly.
To address these issues and accelerate the informed decision making in this filed eventually; we performed this systematic review and meta-analysis to objectively and comprehensively assess the efficacy and safety of EEN supplemented with probiotics for the treatment of patients with SHI through calculating the summary estimates based on individual result reported by all published studies.
Materials and methods
We designed and performed this systematic review and metaanalysis in accordance with recommendations proposed by the Cochrane Handbook for Systematic Reviews of Interventions [13] and reported the results according to the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) Statement. [14] We also registered the protocol at the PROSPRO platform, and a unique identifier of CRD42017079865 has been approved. Moreover, the protocol has been published in TMR Integrative Nursing. [15] We performed all statistical analyses based on published studies, and thus no ethical approval or patient informed consent was required.
Inclusion and exclusion criteria
We prespecified the inclusion criteria for our study. The following inclusion criteria were determined according to the PICOS acronym (abbreviation of participant, intervention, comparison, outcomes of interest, and study design): Population (P): all the patients were diagnosed as SHI, who had a Glasgow coma scale (GCS) score on admission between 5 and 8 and lasted more than 12 hours, and the estimated survival time of more than 7 days [16] ; Intervention (I) and comparison (C): these trials investigated the comparative efficacy and safety of EEN enriched with probiotics vs standard enteral nutrition; Outcomes of interest (O): we assessed the following outcomes including infection rate and mortality (which were all regarded as primary outcome), the length of stay in the intensive care unit (ICU) and the incidence of the gastrointestinal complications (which were all viewed as secondary point); and Study design (S): only randomized controlled trials with or without blind method were considered. Moreover, we also imposed the language restrictions, that is to say, only articles published in English and Chinese language were permitted.
A study will be excluded if met the following criteria: pregnant women, patients with cancer, or those participants underlying severe multiple trauma such as extremity fractures and chest or abdominal trauma, gastrointestinal injuries and cardiopulmonary insufficiency [16] ; the essential information was not available to be obtained or we cannot acquire primary data from authors; and the article with the most strict methodology and most complete data would be chosen in terms of duplicate literatures.
Searching strategy
Two independent investigators electronically searched several databases including PubMed, the Cochrane Central Register of Controlled Trials (CENTRAL), China National Knowledge Infrastructure (CNKI), the Chinese Biomedical Literature Database (CBM) and Chinese Wanfang Data in order to capture RCTs comparing the efficacy and safety of EEN supplemented with probiotics vs the standard EN until the end of June, 2016. Search results were updated weekly to timely capture any recent studies, the date that it was last updated was August 10, 2017. We used following search terms to perform procedures by using combination of medical subject heading (MeSH) and text word embedded in specific files involving title, keywords and abstract: "Craniocerebral Trauma," "Head Injur * ," "Craniocerebral Injur * ," "Head Trauma * ," "Probiotics," "Prebiotics," "Synbiotics," "Lactobacillus," "Bifidobacterium," "Akkermansia muciniphila," "Escherichia," and "random * ." These all search strings were constructed by Boolean operator. To guarantee the precision and recall ratio, we also manually checked the reference lists of eligible studies and relevant reviews for including any potential studies. Two independent reviewers critically examined citations identified by 2 steps of reading the titles/abstracts and full texts.
Data extraction
Essential data were independently extracted from each included study by 2 investigators using the predesigned data extraction table, [17] which included first author, publication year, sample size (male/female), average age, GCS, interventions (study group/ control group), outcomes of interest, and information of risk of bias. We contacted the leading author when essential data were missing. All information will be rechecked mutually. Any discrepancies were resolved by consulted a 3rd investigator.
Quality assessment
Two independent investigators critically appraised the methodology quality of all eligible studies using the Cochrane risk of bias assessment tool. [18] Seven indexes were rated independently and successively and the evaluation results were cross-checked: randomization sequence generation, allocation concealment, blinding of participants and study personnel, blinding of outcome assessors, incomplete outcome data, selective reporting and other biases. The risk of each incorporated study was rated as "high bias risk," "unclear bias risk," or "low bias risk" according to the adequate level of information extracted. Any divergences concerning risk of bias were dissolved by consulted a 3rd investigator.
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Statistical analysis
All statistical analyses were performed by using STATA software version 12.0 (Stata Corp., College Station, TX). The estimates of dichotomous data (this study includes infection rate, mortality and the incidence of the gastrointestinal complications) were expressed as relative risk (RR) with 95% confidence interval (CI). Because only 1 continuous outcome was involved in this study (the ICU length of hospital stay) and used the same unit of measure, and thus mean difference (MD) with 95% CI were calculated. This study adopted the difference between end point and baseline as effect of parameters, the specific calculation formula was cited from the Davidson study. [19] If a study only reported median and range, we will perform transformation with the method reported by Hozo study. [20] We firstly analysis the clinical similarity and methodologic comparability of every eligible study according to the characteristics of the participants, research design and method, intervention regimes, and measurement and statistical analysis of outcomes, if the clinical characteristic and methodology was consider to have heterogeneity, we will select a qualitative analysis to describe the studies. If not, we will use the Chi-squared test and associated with P value to qualitatively evaluated the heterogeneity across studies of each outcome measure. [21] Moreover, the level of heterogeneity was quantified by the I 2 statistic. If a P of ≥.1 and I 2 of <50% were calculated, the eligible studies were considered to be homogeneous, and a fixed-effects model based on Mantel-Haenszel (MH) or inverse variance (IV) statistical approach was selected; conversely the pooled results will be affected by substantial heterogeneity and the randomeffects model based on MH or IV statistical approach was selected. If the accumulated number of eligible studies for single outcome of interest was >10, [22] we will perform Egger linear test to detect publication bias. [23] 3. Results
Identification and selection of studies
We identified 140 citations at the initial literature search stage, and no additional citation was added. Sixty duplicate articles were removed by using EndNote bibliography management software version 7.2.1. After a detailed assessment of the remaining records, 18 eligible articles, [2, [9] [10] [11] 16, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] involving 1016 participants met our inclusion criteria finally. A flow chart of the literature retrieval and selection is depicted in Figure 1 .
Study characteristics
The basic characteristics of all eligible studies [2, [9] [10] [11] 16, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] are documented in Table 1 . These studies were published between 2010 and 2016. All eligible studies were conducted in mainland China and 1 of them was published in English language. Sample size of each eligible study was ranged from 35 to 110 with a total 
Quality of individual study
A total of 18 eligible studies [2, [9] [10] [11] 16, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] were incorporated into the present systematic review and meta-analysis. Randomization were mentioned in all eligible studies, and 11 of them adopted appropriate methods to generate random sequences (i.e., random number table used in 5, [11, 16, 25, 27, 33] computer random number generator applied in 4, [2, 9, 24, 28] and order of admission adopted in remaining 2). [31, 32] No study adequately described whether allocation concealment was actually used and whether blinding of participants and personnel was performed; however, because of all outcomes evaluated in each study were objective measures and thus the reliability of results cannot be impaired whether blinding method was applied or not. Based on the reason stated above, this domain was regarded as "low risk of bias" for all studies. Sixteen studies were at low risk for attrition bias as no patient was lost to follow-up. The remaining 2 studies [9, 16] stated details of dropout, withdrawal and loss to follow-up during the research process. Among them, 1 study [9] was based on intentionto-treat analyses, and missing outcome data were balanced in numbers across intervention groups in the remaining study. All studies adequately reported all outcomes of interest. Seven studies [2, 9, 11, 16, 24, 25, 35] existed the problems of small sample size, which might impair the power of this study. The methodologic quality assessment of included trials is revealed in Table 2. 3.4. Meta-analysis on all outcomes of interest 3.4.1. Infection rate. Ten studies [9] [10] [11] [25] [26] [27] [32] [33] [34] 36] estimated the efficacy of EEN supplemented with probiotics on infection rate of patients with SHI. In these 10 studies, 643 patients were analyzed with 318 patients in the observation group and 325 patients in the control group, respectively. The clinical characteristic and methodology are homogeneous in all studies, no evidence of heterogeneity was found among them (P = .804, [28] 40.5 ± 13.0/40.8 ± 12.8 GCS score, 6.3 ± 1.0/6.4 ± 1.0; mean APACHE II score, 14.8 ± 3.6/14.3 ± 3.6; mean SOFA score, 6.5 ± 4 /6.3 ± 1.4
Golden bifid (Bifidobacterium, L bulgaricus, S thermophilus), 3.5 g/time, 3 times/d
Enteral nutritional suspension was administered using method IV Mortality, LICU Tan et al (2011) [2] 38.4 ± 12.5/41.0 ± 14.01 GCS score, 6.4 ± 1.1/6.5 ± 1.1; mean APACHE II score, 14.7 ± 4.2/14.1 ± 3.2
Enteral nutritional suspension was administered using method IV
IGC, TFD
Tan et al (2011) [9] 40.5 ± 13.0/40. [24] 46.8 ± 8.7/49.4 ± 8.5 GCS score, 7.1 ± 1.2/7.1 ± 1.1; mean APACHE II score, 11.3 ± 4.9/12.4 ± 3.4
Enteral nutrition was administered using method IV IGC, TFD, TATFV, LICU Data are presented as mean ± standard deviation. APACHE = Acute Physiology and Chronic Health Evaluation; C = control group; E = experiment group; GCS = Glasgow coma scale; IGC = incidence of the gastrointestinal complications; LICU = length of stay in the ICU; NM = not mentioned; SOFA = Sequential Organ Failure Assessment; TATFV = time to achieve target feed volume; TFD = time for first defecation; Method I = an infusion rate of 25 mL/h was initiated and gradually increased to a goal of 100 mL/h; Method II = an infusion rate of 25 mL/h was initiated, and the maximum flow rate was <125 mL/h; Method III = an infusion rate of 20-30 mL/h was initiated and gradually increased to a goal of 80-100 mL/h; Method IV = an infusion rate of 20-30 mL/h was initiated and gradually increased to a goal of 100-125 mL/h.
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I 2 = 0.0%), and thus we selected the fixed-effect model to pool data. The summarized result showed that EEN supplemented with probiotics was associated with decreased risk of infection events (RR, 0.53; 95% CI, 0.44-0.65; Z, 6.27; P < .001) (Fig. 2) .
Of these 10 studies, [9] [10] [11] [25] [26] [27] [32] [33] [34] 36] 9 [9] [10] [11] 25, 27, [32] [33] [34] 36] reported pulmonary infections, 5 [25, 27, 33, 34, 36] reported intracranial infections, 5 analyzed urinary tract infections, 3 [25, 32, 36] reported operative incision infections, and 5 [10, 11, 25, 32, 34] Chen and Cheng (2015)
= random sequence; Q2 = allocation concealment; Q3 = blinding of participants and personnel; Q4 = blinding of outcome assessment; Q5 = incomplete outcome data; Q6 = selective reporting; Q7 = other bias; H = high risk of bias; U = unclear risk of bias; L = low risk of bias. Figure 2 . Meta-analysis of infection rate. The horizontal line, square, and diamond represent 95% CI, point estimate, and pooled effect size, respectively. CI = confidence interval; RR = relative risk.
Yi et al. Medicine (2019) 98:17 www.md-journal.com described other infection events. Therefore, we separately assessed the efficacy of EEN supplemented with probiotics on the risk of individual infection event adopting the subgroup analysis method. Evidence on heterogeneity was not detected among them (I 2 = 0.0%), and thus a fixed-effect model was adopted. The result suggested that the targeted intervention decreased the risk of pulmonary infections (RR, 0.56; 95% CI, 0.43-0.74; P < .001), but did not other events (Fig. 3). 3.4.2. Mortality. Of all eligible studies, 8 [9, 25, 26, 28, [32] [33] [34] 36] calculated the estimate of EEN supplemented with probiotics on mortality in patients with SHI. A total of 545 patients were included with 273 in the observation group and 272 in the control group. No heterogeneity was found among them (P = .136, I 2 = 11.07%), we consequently used a fixed-effect model to calculate the pool estimate. The result revealed that the EEN supplemented with probiotics reduced mortality related to standard EN (RR, 0.56; 95% CI, 0.38-0.82; Z, 2.95; P = .003) (Fig. 4) .
Gastrointestinal complications.
A total of 7 studies [2, 16, 24, [29] [30] [31] 35] investigated the incidence of the gastrointestinal complications when EEN supplemented with probiotics vs standard EN, in which 322 patients were included. Significant heterogeneity was not detected (I 2 = 20.6%, P = .278), and a fixed-effects model was consequently applied. The pooled result suggested that EEN supplemented with probiotics was associated with decreased incidence of gastrointestinal complications (RR, 0.19; 95% CI, 0.13-0.25; Z, 6.38; P < .001) (Fig. 5) . Furthermore, this study also analyzed EEN supplemented with probiotics on the risk of incidence of individual gastrointestinal complication based on subgroup analysis, and the pooled result suggested that targeted intervention decreased bloating, diarrhea, vomit, gastric retention, constipation, and regurgitation (Fig. 5) . Eight studies [9, 24, 25, 28, 30, 32, 33, 36] investigated the length of ICU stay when EEN vs standard EN, and 418 participants were analyzed finally. Because we identified significant heterogeneity across studies (I 2 = 69.4%, P = .002), and we selected consequently a random-effects model to calculate the estimate. The pooled result showed a shorten length of ICU stay in the EEN group (MD, À4.55; 95% CI, À5.91 to À3.19; Z, 6.57; P < .001) (Fig. 6) .
Publication bias
According to our prespecified criteria, we drawn the Egger plot to detect the publication bias for infection rate. [23] The Egger test generated a t value of À2.61 with a P value of .03, which indicated that publication bias may impair the pooled result for this given outcome.
Discussion
Severe head injury is a common but acute and critical neurosurgical condition. [1] Systematic metabolic disorders resulted from stress and invasive operations can be rectified through early introducing the EN, and thus improving clinical outcome of these patients. [37] However, it is noted that following the SHI, intestinal microbial imbalance and bacterial translocation will be caused, which are all play critical role in destructing intestinal ecologic barrier, [38] damaging the normal gastroenteric function, and weakening immunity.
[39] These changes can not only seriously impair the absorption and negatively affect the actual effect of EN, but also notably increase the risk of several infectious complications and mortality. [40] The findings from published experimental studies showed that exogenous probiotics may have the potential of balancing the intestinal flora. That is to say, intestinal microecology and the integral intestinal mucosa can be recovered and maintained, and the gastrointestinal immunity can be enhanced eventually through administration of exogenous probiotics. [41] And thus, it is necessary to investigate the efficacy and safety of EEN supplemented with exogenous probiotics in patients with SHI.
Summary of main results
In this meta-analysis, we included 18 eligible RCTs enrolling 1016 patients. After completed all analyses, we found that patients with SHI can be benefit from the administration of EEN supplemented with probiotics.
It is noted that patients with SHI usually undergoing destroyed immunity. Impaired cellular immunity which is characterized by an obvious shift from Th1 response to Th2 may occur in several hours and last for several weeks. [42] [43] [44] Issued data suggested that the incidence of infection can be up to 40% to 80% in inpatients with SHI, and of these infectious events, pulmonary infection which is a main determinant of the clinical process of patients with SHI [45] can reach up to 60%. Therefore, the intervention regimes which have the potential of effectively decreasing the infection risk can improve the clinical outcome and lower the www.md-journal.com mortality of these given patients. The present study showed that the EEN combined with probiotics obviously reduced the risk of infectious events and mortality in patients with SHI. Meanwhile, the results based on subgroup analyses further revealed that the EEN supplemented with probiotics can also lower the risk of pulmonary infection. Some studies also shown, it is noted that, a decreased risk of infection and increased survival time when EEN supplemented with probiotics compared to standard EN alone in critical ill patients underwent burn and trauma. [46, 47] Based on the published evidences, it was supposed that the mechanisms of probiotics to reduce the risk of infection including the following three aspects: improving the expression of epithelial transmem- Figure 5 . Meta-analysis of gastrointestinal complications. The horizontal line, square, and diamond represent 95% CI, point estimate, and pooled effect size, respectively. CI = confidence interval; RR = relative risk.
Yi et al. Medicine (2019) 98: 17 Medicine brane proteins and immune globulin and reducing the gastric mucosal permeability by enhancing tight junctions, correcting the imbalance in intestinal microecology, maintaining the integrity of intestinal mucosal, and cutting down or holding the translocation of bacteria and endotoxin [48] ; increasing the sIgA in intestinal mucosa, enhancing the recovery of intestine mucosal immunity and relieving early inflammation [49] ; strengthening the contractile activities of the small intestine so as to accelerate nutrient absorption, further enhancing patients' immunity. [50] The present meta-analysis also demonstrated that the EEN supplemented with probiotics effectively reduced gastrointestinal complications, and improved the intestinal function in patients with SHI. Under physiologic status, a certain number of normal floras exist on intestinal tracts as a biologic barrier for the healthier digestion. With these floras absorbing on enterocyte, it can prevent pathogenic bacterium from appearing on the one hand, and adjust intestinal secretion function to a normal level on the other, reinforcing regional immune competence of intestinal tract. In this way, the inflammatory response at early state can be controlled. [51] Husebye and his colleagues [52] discovered a disturbance of intestinal motility if rat intestinal was in aseptic condition. Not only does the settles in Escherichia coli not to rectify the condition of gastric motility disorder, it intensifies the degree of disorder. However, planting in the beneficial intestinal microbial communities such as Lactobacillus or Bifidobacterium can correct intestinal movement pattern. At the early status, intestinal microbial imbalance was accompanied by the decreased number of the beneficial intestinal communities such as Lactobacillus or Bifidobacterium, while pathogenic bacterium (e.g., Escherichia coli) would increase sharply, which critically affecting the gastrointestinal motility in patients with SHI. It may results from large amounts of applied antibacterial agents during surgeries. [40] Besides, dysfunction of central nervous system for gastrointestinal and metabolic complications may happen, which manifested a downfall of ability on gastric emptying and intestinal tract movement, destroying the absorbing ability of intestines. [53] A series of studies manifested that exogenous probiotics might recover gastric emptying function [54] with Helicobacter pylori, rectify intestinal tonic contraction [55] and facilitate the gastric emptying and speed of intestinal transmission with SHI, [38] eventually, enhancing the absorption function of intestines. Hence, exogenous probiotics is conducive to the intestinal microbial balance in patients with SHI, improving gastrointestinal motility disorder.
The SHI may lead to an increase in hormonal readiness for noradrenaline and cortisol irritably, resulting in a high metabolic status in a human body. [56] A study [57] showed that the energy expenditure on metabolism can reach to a normal level of 160% for patients with SHI, leading to the exhaust of reserve nutrient in a body in a short time and reduction of weight. This status of high metabolism and low nutrition can harm the immune function in a body as well, resulting in weak physique and the ability to be infected, even to the disadvantage of prognosis. [58] In our study, it also showed that the enteral nutritional intervention in the early Figure 6 . Meta-analysis of the length of ICU stay. The horizontal line, square, and diamond represent 95% CI, point estimate, and pooled effect size respectively. CI = confidence interval; ICU = intensive care unit; RR = relative risk.
Yi et al. Medicine (2019) period by replenishing probiotics has obviously shortened the length of ICU stay for patients with SHI. The main reason for the intervention may lie in the condition where probiotics can contribute to a shorter of time for patients being nursed at a requisite amount as well as a decrease of fatality rate. At the same time, it can promote nutritive absorption through increasing the surface area of villi in the small intestine as well as the recovery of nutritional status in patients.
Limitations of included studies and implications for future studies
As the included 18 studies have not been blinded to participants and personnel, the results could be affected by subjective bias; in these qualified studies included, only 1 provides a high sample capacity (N = 110), while others were largely influenced by the bias producing lower creditable results. Therefore, blind method shall be set in future studies and the best sample size shall be estimated based on the previous evidences. In this way, enough credibility can be ensured from the results in current studies. In the included studies, it is different in probiotic strains and intervention periodicity, so the comparisons for different strains or the same strain under different intervention periodicity are the good research contents in the future.
As patients with SHI are widely distributed, it is necessary for further study to research the effects for EEN combined with probiotics on patients in different age period. In addition, specific probiotics mechanism of action has not yet been obtained in spite of a number of relevant studies. For this reason, to further define the mechanism and provide theoretical support for practical clinical care, extra fundamental researches shall be carried out.
Limitations of the present study
In the present study, we only searched two English language database including PubMed and CENTRAL; however, other relevant databases such as Embase and CINAL (cumulative index to nursing and allied health literature) were not considered, which may introduce the selection bias. Only articles published in Chinese and English language were considered, which may also introduce selection bias. Most of the included researches were with small samples, and thus the results were largely affected by random error, which may have an effect on the reliability of summarized results. Trial sequential analysis for all clinical outcomes and performance statistics merged by all indicators after calculating were not implemented in this study, so the robustness of all combined results cannot be determined. Besides, we performed the bias test for overall infection rate, which showed that the publication bias may affect the reliability of results. When patients are suffered from SHI, support from EEN would be a big challenge; as probiotics is capable of improving intestinal microbial balance in critically ill patients, protecting the integrity of the intestinal mucosal barrier, enhancing the intestinal mucosal immune system and strengthening intestinal motility and the effect of EEN. It gradually becomes an effective treatment option for patients with SHI. Even though limitations existed in 10 present study as well as the included qualified ones, each 1 was highly homogeneous; meanwhile, for the identical clinical results, the objects of effect size were highly consistent; thus, it was deemed that the results from our study was reliable to some extent.
Conclusion
In general, EEN supplemented with probiotics are effective for reducing risk of infection and mortality, improving their gastrointestinal dysfunction and shortening the length of ICU stay in patients with SHI. Further studies with large scale and well designed were warranted to establish this conclusion because some limitations impaired the power of these results of our study.
